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Objective: This retrospective cohort study was designed to evaluate the association between eight systemic inflammation indicators at 
baseline and the metabolically unhealthy (MU) phenotype after two years of follow-up.
Methods: Participants were defined as metabolically healthy (MH) if they met 0–2 of the criteria and metabolically unhealthy (MU) if 
they met ≥ 3 of the criteria. A many of 4175 subjects aged 20–80 years with a metabolically healthy (MH) phenotype at baseline were 
enrolled in the study. We compared the clinical characteristics between women and men enrolled at baseline according to the metabolic 
phenotype at follow-up. The associations between baseline inflammation indicators and MU status at follow-up were evaluated using 
logistic regression analysis.
Results: 922 (22.08%) developed new-onset MU symptoms during follow-up. Logistic regression analysis found that most inflam-
mation indicators were significantly associated with MU phenotype at follow-up, aside from the LMR and SII. After adjusting for 
potential confounders, only the correlations between CRP level, neutrophil count, and MU phenotype reached significance. In 
comparison to the control group with a CRP of <0.50 mg/L, the odds ratios (ORs) and 95% confidence intervals (CIs) were 1.61 
(1.25–2.09), 1.49 (1.15–1.94), and 1.68 (1.30–2.18) for individuals with CRP levels of 0.50–0.90 mg/L, 0.91–1.72 mg/L, and above 
1.72 mg/L, respectively. In the population with a neutrophil count <5.00 ×109 cells/L, the neutrophil count correlated positively and 
significantly with the MU phenotype. In comparison to the control group with a neutrophil count of <2.75 × 109 cells/L, the ORs and 
95% CIs were 1.65 (1.30–2.09) in the population with neutrophil count >4.17 × 109 cells/L.
Conclusion: CRP and neutrophil counts positively correlated with the risk of MU phenotype in Chinese subjects. These composite 
inflammatory markers (NLR, PLR, LMR, and SII) provide limited advantages for predicting MU risks compared to CRP.
Keywords: systemic inflammation indicators, metabolically unhealthy phenotype, C-reactive protein, CRP

Introduction
Obesity is linked to various metabolic issues, including insulin resistance, high blood lipid levels, and metabolic syndrome, 
all of which are significant factors in the development of type 2 diabetes (T2D) and cardiovascular diseases (CVDs). 
Nevertheless, there are obese individuals who do not experience the usual negative effects of having too much body fat1 

a condition referred to as metabolically healthy obesity (MHO).2 Increasing studies are now being directed to MHO in 
recent years. The concept of MHO is still evolving, with no agreement on its definition as more than 30 different definitions 
have been utilized in various studies.2 Most studies have defined MHO as having 2 or fewer metabolic syndrome 
components.3 Additional criteria less commonly used to define MHO are C-reactive protein level and insulin resistance.4

Nevertheless, the metabolically healthy (MH) phenotype is not stable, and long-term research findings indicate that 
approximately 16.6% to 50% of individuals with mental health conditions shift to a different phenotype after a decade to 
two decades of observation.5–7 In general, metabolically unhealthy (MU) participants are at an increased risk of ischemic 
stroke,1 T2D,8 and colorectal cancer9 than MH participants, and have a better prognosis for mortality and morbidity.10 

The transition of metabolic phenotype depends on a multitude of factors such as age,11 liver function,12 glucose 
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regulation, lifestyle13 and gut microbiome.14 Timely recognition of metabolic risk factors is required to ensure optimal 
primary interventions and decrease healthcare costs.

Recently, there is a lot of attention given to the relationship between inflammation and MH status. Research shows 
that MHO individuals have a less severe inflammatory profile than those with MUO,15 while MU individuals have higher 
hs-CRP levels than normal, overweight, and MH individuals.16 However, conflicting results exist, MH overweight/obese 
subjects still displayed abnormal levels of inflammatory markers.17,18 It is relatively unknown whether inflammation 
accounts for the metabolic transformation from healthy to unhealthy. This study retrospectively analyzed participants of 
health checkups, focusing on individuals with an MH phenotype at the beginning. This study aimed to investigate the 
correlation between eight systemic inflammation markers at the start and development of the MU phenotype after 
a 2-year follow-up period.

Materials and Methods
Study Participants and Design
The Health Management Center of the Third Xiangya Hospital (Changsha, China) recruited all the participants for this 
retrospective cohort study. In 2019 and 2021, we registered individuals between the ages of 20 and 80 years, conducted 
evaluations of metabolic health, and analyzed markers of systemic inflammation. All the participants provided informed 
consent. We excluded 1917 participants with the MU phenotype at baseline and 355 respondents with missing essential 
information, leading to a final sample size of 4175 (Figure 1). A flowchart of subject enrollment is given in Figure 1. Approval 
for the research protocols was granted by the Institutional Review Board of Third Xiangya Hospital (No.2019-S451).

Anthropometric Measurements and Questionnaire Information
Standard procedures were used to measure height, weight, and waist size. The subjects’ blood pressure was determined 
by taking two measurements from the right upper arm after a 10–15 minutes rest in a seated position between 7 and 9 
a.m., with the average reading used as the final result. Self-reported health questionnaires on the website were used to 
gather information on health behaviors and medical history. Smoking status was classified as never, former, or current. 
With respect to alcohol consumption, the subjects were classified as never, former, or current drinkers.

Figure 1 Flow chart of the study. 
Abbreviations: MH, metabolically healthy; MU, metabolically unhealthy.
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Laboratory Test
Blood samples were collected from the median cubital vein after an overnight fast. Low-density lipoprotein cholesterol (LDL-C), 
total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG), alanine 
aminotransferase (ALT), albumin (ALB), serum urea nitrogen (BUN), serum uric acid (SUA), and creatinine (SCr) levels were 
measured using standard methods and an automatic chemistry analyzer (Hitachi 7600; Hitachi, Tokyo, Japan).

Serum CRP levels during fasting were examined using latex turbidimetric immunoassay on a Hitachi 7600 instrument 
(Hitachi, Tokyo, Japan). Neutrophils, lymphocytes, monocytes, and platelets were tested by routine blood examination 
using an automatic blood cell analyzer (BC5390, Mindray, China). Using blood cell counts, we determined the combined 
values of the inflammatory markers. The neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), 
platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII) were determined using the following 
formulas:19 NLR, neutrophil count/lymphocyte count; LMR, lymphocytes count/monocyte count; PLR, platelet count/ 
lymphocyte count; and SII, platelet count×neutrophil count /lymphocyte count.

Assessment of Metabolic Health Status
MH was defined based on the 2009 International Diabetes Federation (IDF)20 and the third report of the National 
Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III)21 criteria, as in our prior research,22 which 
included blood pressure readings of at least 130/85 mmHg or a history of hypertension or current hypertension treatment; 
FBG levels of at least 5.6 mmol/L or self-reported T2D; low plasma HDL-C levels (<1.0 mmol/L for men and 
<1.3 mmol/L for women) or use of lipid-lowering medications; and high plasma TG levels (≥1.7 mmol/L) or use of lipid- 
lowering medications. Those with 0–2 elements were classified as having MH, whereas those with MU were defined as 
having three or more of the specified abnormal metabolisms.

Statistical Analysis
Continuous variables were presented as mean ±SD, whereas categorical variables were presented as frequencies with percen-
tages and numbers (%, n). For normally distributed continuous variables, means were compared using one-way ANOVA; 
otherwise, the Kruskal–Wallis nonparametric test was used. The LSD post hoc test was used for multiple comparisons. The chi- 
squared test was used to analyze categorical variables. Paired t-tests were used to compare inflammatory indicators within each 
group before and after follow-up. Multilevel analysis using binary logistic regression was performed to investigate the 
association between inflammatory markers at the beginning and the subsequent metabolic status. Restricted cubic splines 
were adopted to capture the nonlinear effect of inflammation indicators at baseline on the follow-up MU status. Statistical 
significance was determined using two-tailed P-values < 0.05. A receiver operating characteristic (ROC) curve was plotted and 
the area under the curve (AUC) was computed to assess the predictive ability of CRP for detecting the MU phenotype.

Results
Comparisons of Baseline Clinical Characteristics
Among the 4175 subjects with MH at baseline, 922 (22.08%) developed new-onset MU symptoms during follow-up. Of the 
2580 men, 696 (26.98%) developed a new-onset MU phenotype. Of the 1595 women participants, 226 (14.17%) developed 
a new-onset MU phenotype. The mean duration of follow up was 598.15 ± 300.15 days. As indicated in Table 1, we compared 
the clinical characteristics of women and men enrolled at baseline according to their metabolic phenotype at follow-up.

Participants who later developed MU during the follow-up period for both men and women exhibited higher baseline levels 
of BMI, WC, SBP, DBP, TG, FBG, SUA, ALB, and ALT than those who did not develop MU. The HDL-C levels were 
significantly lower in the MU group than in the MH group. In terms of inflammation indicators, most indicators were significantly 
different among the four groups, except for the LMR. The CRP level, monocyte count, lymphocyte count, neutrophil count, and 
LMR showed an increasing trend in MU subjects; however, the difference was not statistically significant. Post-hoc LSD 
pairwise comparisons showed that in male subjects, neutrophil count, NLR, and systemic immune-inflammation index (SII) were 
significantly higher in the MU group than in the MH group. Significant variations in lymphocyte count and PLR were observed 
between the two groups of women.
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Before and after comparison for Inflammation Indicators
There was a trend of increasing CRP (Figure 2A), lymphocyte count (Figure 2B), and monocyte count (Figure 2C), 
between baseline and follow-up in those who later developed the MU phenotype; Of these, the increases in monocyte 
count (Figure 2C) were significant. In those who remained in the MH phenotype, the neutrophil (Figure 2D) and NLR 
(Figure 2E) declined significantly, and the LMR (Figure 2F) and PLR (Figure 2G) showed a growth trend, and only PLR 
(Figure 2G) reached significance. In Figure 2H, we did not find any significant change between baseline and follow-up 
regardless of whether the subjects later developed the MU phenotype.

The Connections Between Baseline Inflammation Indicators and MU Status at 
Follow-Up
As shown in Table 2, in addition to the LMR and systemic immune-inflammation index (SII), most inflammation 
indicators showed a significant association with the MU phenotype at follow-up. After adjusting for potential confoun-
ders in Model 3, only the correlations between CRP level, neutrophil count, and MU phenotype were statistically 
significant. The restricted cubic-spline plot (Figure 3A) demonstrated a significant positive correlation between CRP 
levels and MU phenotype in individuals with CRP levels <4.00 mg/L. In comparison to the control group with a CRP of 
<0.50 mg/L, the odds ratios (ORs) and 95% confidence intervals (CIs) were 1.61 (1.25–2.09), 1.49 (1.15–1.94), and 1.68 
(1.30–2.18) for individuals with CRP levels of 0.50–0.90 mg/L, 0.91–1.72 mg/L, and above 1.72 mg/L, respectively (see 
Table 2). Lymphocyte counts were positively correlated with the MU phenotype (Figure 3B), however, this association 

Table 1 Baseline Characteristics of Subjects According to Metabolic Phenotype Status at Follow-Up

Characteristics Men Women F P

MH MU MH MU

Age (years) 45.36±11.93 47.23±12.23* 44.62±10.04 50.11±10.73# 20.33 <0.01

N (%) 1884 (73.02) 696 (26.98) 1369 (85.83) 226 (14.17) 93.96 <0.01
BMI (kg/m2) 23.99±2.69 25.18±2.72* 21.86±2.36 23.63±2.62# 303.68 <0.01

WC (cm) 83.62±7.71 87.44±7.66* 73.29±6.83 77.85±7.10# 759.44 <0.01

SBP (mmHg) 119.27±12.09 122.10±12.56* 111.93±13.08 119.66±15.67# 132.05 <0.01
DBP (mmHg) 73.49±8.99 76.21±9.44* 67.31±8.71 71.60±10.38# 189.28 <0.01

TC (mmol/L) 4.95±0.86 5.00±0.89 4.97±0.90 5.19±0.85# 5.55 <0.01

TG (mmol/L) 1.33±0.69 1.80±1.09* 0.99±0.42 1.34±0.59# 212.91 <0.01
HDL-C (mmol/L) 1.35±0.23 1.22±0.21* 1.59±0.28 1.45±0.24# 421.12 <0.01

LDL-C (mmol/L) 2.97±0.74 2.92±0.77 2.90±0.77 3.12±0.73# 6.31 <0.01

FBG (mmol/L) 5.21±0.77 5.47±1.20* 5.08±0.46 5.36±0.53# 41.38 <0.01
SUA (mmol/L) 369.90±71.49 388.75±78.21* 267.57±53.41 295.14±57.05# 817.71 <0.01

ALB (g/L) 46.98±2.93 47.11±2.81* 45.45±2.62 45.27±2.56# 107.31 <0.01

ALT (U/L) 26.85±20.67 28.93±16.67* 17.41±11.19 20.34±15.68# 107.19 <0.01
SCr (μmol/ 83.44±11.83 83.42±13.49 59.19±9.71 60.79±9.86 1463.08 <0.01

CRP (mg/L) 2.09±5.83 2.37±5.63 1.29±2.81 1.78±2.64 10.08 <0.01

Monocyte count (×109 cells/L) 0.38±0.12 0.39±0.13 0.31±0.10 0.32±0.10 131.37 <0.01
Lymphocyte count (×109 cells/L) 2.04±0.60 2.07±0.60 1.85±0.49 1.99±0.57# 38.70 <0.01

Neutrophil count (×109 cells/L) 3.63±1.26 3.85±1.32* 3.40±1.20 3.54±1.10 22.27 <0.01

NLR 1.88±0.78 1.99±0.92* 1.93±0.81 1.87±0.71 3.48 0.02
LMR 5.85±6.10 6.10±11.82 6.38±2.08 6.56±2.20 2.16 0.09

PLR 113.06±35.28 112.54±36.80 130.29±41.57 123.87±42.23# 63.27 <0.01

SII 409.43±194.25 432.79±224.69* 441.77±216.34 441.01±208.02 7.26 <0.01

Notes: Data are presented as the mean ± standard deviation for continuous variables and number (percentage) for categorical variables. *p < 0.05 compared to MH 
group in male subjects; #p < 0.05 compared to MH group in female subjects. 
Abbreviations: MH, metabolically healthy; MU, metabolically unhealthy; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood 
glucose; SUA, serum uric acid; ALB, albumin; ALT, alanine aminotransferase; SCr, serum creatinine; CRP, C-reactive protein; NLR, Neutrophil-to-lymphocyte ratio; 
LMR, Lymphocyte-to-monocyte ratio; PLR, Platelet-to-lymphocyte ratio; SII, Systemic immune inflammation index. F, F-value; P, P-value.
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Figure 2 Comparison for inflammation indicators in MH and MU group. 
Notes: *p < 0.05.C-reactive protein (A); Lymphocyte count (B); Monocyte count (C); Neutrophil count (D); NLR (E); LMR (F); PLR (G); SII (H). 
Abbreviations: MH, metabolically healthy; MU, metabolically unhealthy; NLR, Neutrophil-to-lymphocyte ratio; LMR, Lymphocyte-to-monocyte ratio; PLR, Platelet-to- 
lymphocyte ratio; SII, Systemic inflammation index.
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Table 2 The Association Between Various Systemic Inflammatory Indicators and Metabolically Unhealthy 
Phenotype

Variables OR (95% CI) Crude Multivariable-Adjusted OR (95% CI)

Model 1 Model 2 Model 3

C-reactive protein (mg/L)
<0.50 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

0.50–0.90 1.99 (1.58–2.52) 1.79 (1.42–2.28) 1.90 (1.49–2.43) 1.61 (1.25–2.09)

0.91–1.72 2.24 (1.78–2.83) 1.89 (1.49–2.39) 1.93 (1.51–2.46) 1.49 (1.15–1.94)
>1.72 2.92 (2.33–3.66) 2.44 (1.94–3.06) 2.39 (1.88–3.03) 1.68 (1.30–2.18)

P for trend <0.01 <0.01 <0.01 <0.01

Lymphocyte count
<1.59 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

1.59–1.92 1.02 (0.82–1.26) 1.06 (0.85–1.32) 1.10 (0.88–1.39) 1.03 (0.81–1.32)
1.93–2.28 1.06 (0.86–1.31) 1.07 (0.86–1.33) 1.14 (0.90–1.44) 1.11 (0.87–1.42)

>2.28 1.44 (1.18–1.77) 1.38 (1.12–1.70) 1.44 (1.15–1.80) 1.32 (1.04–1.67)

P for trend <0.01 0.01 0.01 0.09

Monocyte count
<0.27 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
0.27–0.34 1.26 (1.02–1.55) 1.13 (0.91–1.40) 1.13 (0.90–1.42) 1.06 (0.84–1.34)

0.35–0.42 1.48 (1.19–1.83) 1.23 (0.98–1.53) 1.24 (0.98–1.56) 1.10 (0.86–1.40)

>0.42 1.68 (1.36–2.08) 1.28 (1.03–1.60) 1.26 (1.00–1.60) 1.13 (0.89–1.45)
P for trend <0.01 0.14 0.20 0.78

Neutrophil count
<2.75 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

2.76–3.38 1.34 (1.08–1.67) 1.28 (1.02–1.60) 1.24 (0.98–1.57) 1.20 (0.94–1.54)
3.39–4.17 1.44 (1.16–1.79) 1.36 (1.09–1.69) 1.32 (1.05–1.67) 1.25 (0.98–1.60)

>4.17 1.93 (1.56–2.39) 1.82 (1.47–2.26) 1.81 (1.44–2.27) 1.65 (1.30–2.09)

P for trend <0.01 <0.01 <0.01 <0.01

NLR
<1.40 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
1.41–1.76 0.91 (0.73–1.13) 0.90 (0.72–1.12) 0.89 (0.71–1.11) 0.90 (0.70–1.14)

1.77–2.26 1.24 (1.00–1.52) 1.23 (1.00–1.51) 1.16 (0.93–1.44) 1.17 (0.93–1.48)

>2.26 1.16 (0.94–1.42) 1.12 (0.91–1.39) 1.07 (0.86–1.33) 1.04 (0.82–1.31)
P for trend 0.02 0.02 0.11 0.17

LMR
<4.61 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

4.62–5.70 1.06 (0.82–1.36) 1.12 (0.86–1.45) 1.10 (0.84–1.45) 1.17 (0.88–1.57)

5.71–7.03 0.84 (0.70–1.01) 0.95 (0.78–1.15) 0.96 (0.79–1.18) 1.00 (0.81–1.24)
>7.03 0.83 (0.68–1.02) 1.07 (0.86–1.32) 1.12 (0.89–1.40) 1.20 (0.94–1.52)

P for trend 0.08 0.49 0.48 0.28

PLR
<92.30 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

92.31–113.40 0.87 (0.71–1.07) 0.98 (0.80–1.20) 0.98 (0.79–1.22) 0.96 (0.77–1.21)
113.41–139.36 0.75 (0.61–0.93) 0.86 (0.70–1.06) 0.89 (0.72–1.11) 0.91 (0.72–1.15)

>139.36 0.70 (0.57–0.86) 0.86 (0.69–1.06) 0.83 (0.66–1.04) 0.86 (0.67–1.08)

P for trend <0.01 0.35 0.35 0.61

(Continued)
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was not statistically significant after adjustment for confounding factors (P=0.09, Table 2). In the population with 
a neutrophil count <5.00 ×109 cells/L, the neutrophil count correlated positively and significantly with the MU phenotype 
(Figure 3C). In comparison to the control group with a neutrophil count of <2.75 × 109 cells/L, the ORs and 95% CIs 
were 1.65 (1.30–2.09) in the population with neutrophil count >4.17 × 109 cells/L (Table 2). Monocyte counts were 
positively correlated with the MU phenotype, in the population with a neutrophil count >0.50 ×109 cells/L (Figure 3D), 
there was a declining trend for the association between monocyte counts and MU phenotype. Negative correlation was 
observed between NLR, PLR, LMR, and SII, and occurrence of the MU phenotype at follow-up across different cutoff 
points. Across different cutoff points, negative correlation was observed between NLR (Figure E), PLR (Figure F), LMR 
(Figure G), and SII (Figure H), and occurrence of the MU phenotype at follow up. A similar association was observed 
between NLR, SII, and occurrence of the MU phenotype. The OR for developing the MU phenotype tended to decrease 
with an increase in NLR and SII when their levels were low and high. PLR was negatively correlated with the MU 
phenotype in the whole sample. LMR was negatively correlated with the MU phenotype at the intermediate levels.

Evaluation of the Diagnostic Efficacy of Inflammatory indicators for Metabolic 
Unhealthy Phenotype
ROC curve (Figure 4) was used to evaluate the predictive ability of inflammatory indicators for MU phenotype risk. As 
shown in Figure 4, the higher AUCs of the inflammatory markers were as follows: CRP 0.61 (95% CI: 0.59–0.63), 
neutrophil count 0.57 (95% CI: 0.55–0.59), monocyte count 0.56 (95% CI: 0.54–0.58), lymphocyte count 0.54 (0.52-
–0.50) and NLR 0.53 (95% CI: 0.50–0.55), all with a significance level of P<0.01.

Discussion
Our study revealed that individuals who transitioned to the MU phenotype had elevated CRP levels at baseline compared 
to those who maintained the MH phenotype over a 2-year period. In addition, there was a trend of increasing CRP levels 
between the baseline and follow-up in those who later developed the MU phenotype. Logistic regression analysis showed 
that, after adjusting for potential confounders, the correlation between CRP and the MU phenotype remained statistically 
significant. Overall, these results suggest that elevated CRP levels independently increased the risk of MU, making it the 
most powerful biomarker among the selected inflammation indicators. Individuals with elevated initial CRP levels are 
more likely to develop the MU phenotype. Prior research has indicated that individuals with a similar BMI, MU subjects 
typically exhibit elevated CRP levels.23,24 CRP, a plasma protein mainly produced by the liver and affected by 
proinflammatory cytokines such as interleukin-6, interleukin-1, and tumor necrosis factor-α,25 can be increased not 
only in numerous acute infections but also in chronic non-communicable conditions such as CVDs,26 T2D27 and 
metabolic syndrome.28 CRP has been proposed to identify potential cardiometabolic risks, and elevated CRP levels 
can lead to insulin resistance, a known risk factor for T2D and CVDs.29 Experimental animal data suggest that inhibition 

Table 2 (Continued). 

Variables OR (95% CI) Crude Multivariable-Adjusted OR (95% CI)

Model 1 Model 2 Model 3

SII
<286.25 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
286.26–383.88 0.99 (0.80–1.22) 1.02 (0.83–1.27) 1.08 (0.86–1.34) 1.04 (0.82–1.32)

383.89–511.44 1.04 (0.84–1.28) 1.09 (0.88–1.35) 1.08 (0.87–1.36) 1.06 (0.84–1.35)

>511.44 1.19 (0.97–1.46) 1.34 (1.08–1.65) 1.36 (1.09–1.70) 1.31 (1.04–1.65)
P for trend 0.25 0.03 0.04 0.10

Notes: Model 1, adjusted for age and sex; model 2, model 1 and further adjusted for smoking, drinking, exercise; model 3, model 2 and further 
adjusted for BMI and the history of diseases. 
Abbreviations: NLR, Neutrophil-to-lymphocyte ratio; LMR, Lymphocyte-to-monocyte ratio; PLR, Platelet-to-lymphocyte ratio; SII, Systemic 
immune-inflammation index; P, P-value.
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Figure 3 Multivariable-adjusted association between systemic inflammatory indicators and metabolically unhealthy phenotype by restricted cubic spline regression. 
Notes: Adjusted for age, sex, smoking, drinking, exercise, and BMI. C-reactive protein (A); Lymphocyte count (B); Neutrophil count (C); Monocyte count (D); NLR (E); 
PLR (F); LMR (G); SII (H). 
Abbreviations: NLR, Neutrophil-to-lymphocyte ratio; LMR, Lymphocyte-to-monocyte ratio; PLR, Platelet-to-lymphocyte ratio; SII, Systemic inflammation index.
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of endothelial nitric oxide synthase (eNOS) and endothelial FcγRIIB activation by CRP blunts insulin transcytosis, 
causing insulin resistance.30 Furthermore, ample evidence suggests that CRP plays a key role in the development of 
atherosclerosis31 can predict cardiovascular and cerebrovascular events in patients with both subclinical and clinical 
atherosclerosis.32 Hence, the protective mechanism of MH obesity is partly due to the reduced CRP levels. Therefore, 
some studies have included CRP levels ≥3 mg/L as part of MU.33

White blood cell count is another biomarker that has been used to evaluate the inflammatory state of the body. 
Research has demonstrated that the number of white blood cells can be used to predict a decline in insulin sensitivity10 

and is linked to a decrease in insulin secretion.34 Several studies have suggested that the WBC count has an independent 
relationship with markers of insulin resistance, glucose tolerance, and subclinical inflammation.35,36 Neutrophils, 
lymphocytes, and monocytes constitute the majority of the leukocytes. Our retrospective cohort analysis revealed that 
the baseline monocyte, lymphocyte, and neutrophil count levels of subjects who developed the MU phenotype during 
follow-up were all higher than those observed in subjects who remained in the MH phenotype. Logistic regression 
analysis revealed a significant correlation between neutrophil count and MU phenotype after adjusting for potential 
confounders. Neutrophils are immune cells with potent antimicrobial properties. It far outnumbers other immune cells 
found in the human blood. The relationship between neutrophils and MU phenotype is complex. Risk factors for 
cardiometabolic disorders, such as hypercholesterolemia and hyperglycemia, can increase neutrophil production by 
reprogramming hematopoietic stem and progenitor cell (HSPC) function and subsequent myelopoiesis, leading to 
cardiovascular inflammation. A review by Carlos et al in 202037 revealed that neutrophils can accelerate all stages of 
atherosclerosis by promoting macrophage activation, monocyte recruitment, and cytotoxicity. Prior research has indicated 
that the number of neutrophils has a stronger correlation with high-sensitivity C-reactive protein (hsCRP) levels than 
other types of white blood cells in individuals without diabetes.38 We found that the CRP level and neutrophil count were 
independent predictors of MU status. The aforementioned studies may account for this observation.

NLR, PLR, LMR, and SII are novel inflammatory markers of systemic inflammation that are calculated from the 
ratios of neutrophils, monocytes, lymphocytes, and platelets in the peripheral blood and are closely related to the immune 

Figure 4 ROC curve analysis of predictive value of inflammatory indicators for MU phenotype risk. 
Abbreviations: NLR, Neutrophil-to-lymphocyte ratio; LMR, Lymphocyte-to-monocyte ratio; PLR, Platelet-to-lymphocyte ratio; SII, Systemic inflammation index.
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response. Prior research has shown connections between these combined inflammatory indicators and the likelihood of 
metabolic diseases, such as T2D,39 atherosclerosis,40 metabolic syndrome41 and nonalcoholic fatty liver disease.42 

Additionally, they demonstrated strong predictive capabilities for CVDs prognosis and related mortality.43 However, 
few studies have examined the characteristics of these novel inflammatory biomarkers in MU subjects. We found that the 
baseline NLR and SII levels of male subjects who developed the MU phenotype during follow-up were higher than those 
of male subjects who remained in the MH phenotype. Logistic regression analysis revealed an association between 
baseline NLR and PLR and the MU phenotype after 2 years of follow-up, despite not being statistically significant when 
accounting for potential confounding variables. Therefore, in the present study, these novel inflammatory markers were 
not better indicators of inflammation than CRP level. In general, the relationship between these inflammatory biomarkers 
(NLR, PLR, LMR, and SII) and MU phenotype requires further investigation.

It cannot be denied that both metabolic and immune systems are highly correlated with shared cellular machinery and 
modulators and regulators, including hormones, cytokines, transcription factors, signaling protein mediators, and 
bioactive lipids. Understanding the initial signals and the subsequent mechanisms of inflammatory markers during the 
transition from MH to MU is a significant obstacle. In the present study, we found that baseline BMI, WC, BP, TG, FBG, 
SUA, ALB, and ALT levels had already increased in those who developed the MU phenotype during follow-up. 
Additional research is required to validate whether inflammatory markers are triggers that cause a transition from MH 
to MU, or if the shift to MU occurs initially due to different factors and subsequently results in changes in inflammatory 
markers.

This study had several limitations. First, this study was observational and did not demonstrate a direct link between 
inflammatory biomarkers and MU phenotype. Furthermore, since this study was conducted at a single center without 
external validation, and the participants were selected from a group undergoing physical examinations, it is important to 
be cautious when applying the findings to different populations. Despite our thorough adjustment for various potential 
confounders, there is still a possibility of bias due to unidentified and unmeasured confounders.

Conclusions
We found that CRP and neutrophil counts positively correlated with the risk of MU phenotype in Chinese subjects. These 
composite inflammatory markers (NLR, PLR, LMR, and SII) provide limited advantages for predicting MU risks 
compared to CRP.
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